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ABSTRACT
Most people conceive of lithography as a planographic method
of printing. In point of fact, only some of the original
lithographic plates had truly planographic surfaces. Most
lithographic plates used in industry today do not have the same
material in the image and non-image areas, so they are called
double-phase plates . Because of light undercutting and the
roughness of the grain structure of the carrier, the use of
conventional double-phase plates for fine image reproduction,
where resolution is the main concern, has been limited.
The purpose of this study was to determine the image
formation mechanism of single-phase plates (i.e. plates with
image and non-image areas on the same plane and made of the
same material . ) by investigating the resolution performance of
Association Product plates. There are good reasons to believe
that Association Product plates give better resolution than
conventional double-phase plates. A comparative study of the
resolving power of Association Product plates and commonly used
double phase plates provides information about the quantitative
difference of resolution between these two types of plates.
In choosing to study the image-forming mechanism from the
coating variations point-of-view, it was hoped to arrive at a
demonstrable independence of plate resolving power from plate
vii
coating thickness in the single-phase plata. Results of the
experiment showed that coating thickness and grain structure of
the plate base does not affect the resolving power of this type
of plate. The main factor which directly affects the resolving
power is the exposure time.
vm
CHAPTER ONE
INTRODUCTION
General Exposition of Lithography
Lithography is distinguished from other printing processes
because of the relationship between image and non-image areas
on the printing plate. The creation of an ink-receptive,
water-repelling image on the surface of the lithographic plate,
and the treatment of the non-image areas with chemical
solutions to produce a water-retaining, ink-resisting surface,
was the foundation of Senefelder's invention 180 years ago.
Through the years, many different types of lithographic
printing plates have evolved. Each type has its own particular
characteristics which determine the applications for which the
plate is suitable. Even though lithographic plates have become
highly sophisticated and specialized, they still utilize the
same principles as primitive litho stones.
Surface Characteristic of the Lithographic Plate
The lithographic plate functions on a planographic basis;
the image areas are oleophilic "ink-attractive", and the
non-image areas are hydrophilic "water-attractive". Both of
these areas are on the same plane and are of equal importance
in the correct working of the process.
The original base material for lithography was limestone.
Senefelder was aware that the base material for the process
could be of any substance, provided it was prepared correctly
so as to support the oleophilic and hydrophilic surfaces. This
is clearly demonstrated today in the considerable variety of
lithographic plates, using paper, plastic, zinc, aluminum and
stainless steel as base materials.^ The platemaker is less
concerned with the base material than with suitable substances
fixed on the base material which will perform well on the
press.
OLEOPHILIC IMAGE AREAS
Those materials most suitable for forming an ink-loving
image must:
a. adhere well to the plate and remain intact on the
surface;
b. resist abrasion;
c. be relatively unaffected by chemicals and solvents;
d. possess good ink-loving qualities; and
e. be sensitive or able to be made sensitive to light, if
they are to be made photographically.
HYDROPHILIC NON-IMAGE AREAS
The non-image areas of lithographic plates must be treated
to make them water-receptive. Areas so treated are said to be
densensitized (unreceptive to ink as long as they are kept
moist). A densensitizing material must: 3
a. be a good water-loving material that prefers water to
ink on the press; and
b. adhere tightly to the surface of the plate.
Types of Lithographic Plates
It is convenient to divide lithographic plates into two
broad categories depending on the nature of their image-forming
mechanisms: double-phase plates, and single-phase plates.
DOUBLE-PHASE PLATES
Double-phase plates are lithographic plates for which two
different materials are used to form the image and non-image
areas. On negative working surface plates, the light-sensitive
coating is
"hardened" in the image areas after exposure. During
development, the developer dissolves the unhardened coating
(non-image areas) , thus exposing the base material in these
areas. In the image area, the developer does not affect the
light-hardened coating. This hardened coating remains on the
surface of the base material after development. On positive
working surface plates, the light-sensitive coating of the
plate is insoluble prior to exposure. The exposure
"light-softens" the non-image areas, making them soluble to the
developer. The image areas are not exposed to light, and after
processing, remain on the surface of the plate. Most
lithographic plates currently used are double-phase plates.
The original surface plate coating was dichromated egg
albumin colloid. In recent years, a considerable number of
synthetic materials (e.g., photopolymer resins and diazo
compounds) has been used in the production of presensitized
plates. Under this classification the image coating is on the
surface of the base material after processing. (Figure 1)
Surface Plate
Image area Non-image area
FIGURE 1
On the deep-etch plate the image areas are etched into the
metal plate surface and rendered oleophilic with a lacquer
film. (Figure 2)
Deep-Etch Plate
Image area Non-image area
Base metal
FIGURE 2
Multi-metal plates are constructed with two different
metals; metals that exhibit oleophilic properties are used for
image areas and hydrophilic metals constitute the non-image
areas. In the manufacture of such plates, one metal is used for
the base, and a second metal is electroplated in a thin layer
over the former. The result is a bimetal plate. There are also
triraetal and quadrimetal plates which employ the same
principles. During processing the surface metal is removed by
etching to reveal the underlying metal. The image areas are
either slightly recessed below or raised above the non-image
areas (about 0.008 mm)^ depending on the plate construction.
(Figures 3 and 4)
Bimetal Plate
Image metal
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Non-image metal
FIGURE 3
Trimetal Plate
Non-image metal Image metal
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FIGURE h
SINGLE-PHASE PLATES
Plates in which the image and non-image areas are of the
same material are termed single-phase plates. For these plates,
no significant amount of the coating is removed during
processing, and the thickness of the coating between the image
and non-image areas is relatively uniform. The ability of the
plate to selectively accept ink in the image areas is due to
some chemical or physical change in the coating material,
rendering it oleophilic in the image areas and hydrophilic in
the non-image areas. Plates of this type are truly planographic
and are exemplified by collotype and Association Product
plates.
Stone lithography is the original form of the lithographic
plate. It has ceased to exist in industrial printing, but has
become a fine-art medium used exclusively for printmaking in
limited quantities. -> The lithographic artist works with fatty
lithographic crayons to form ink-receptive images. The stone is
chemically treated to make it repel 1 ink in the non-image
areas. (Figure 5)
Section through
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Greasy (high fatty acid) materials were used to form the
image which penetrated INTO the pores of the limestone surface.
Water applied to the surface is absorbed into the surface of the stone.
FIGURE 5 LITHOGRAPHY ON STONE
With collotype, or photo-gelatin printing, the
photo-sensitive coating is a mixture of a water soluble
dichromate salt and gelatin. The normally soft and hydrophilic
gelatin becomes hardened and oleophilic after exposure to
ultra-violet radiation. The image and non-image areas are of
the same material, so collotype may be called a single-phase
plate. Although collotype can usually produce better quality
images than other printing processes, the inconsistancy of
plate performance on press makes it a less desirable method for
commercial printing.
The Association Product plate 7 is a combination of phenolic
resin and ethylene oxide polymer. These two polymers are bonded
physically to form a tough and hydrophilic material. The
addition of a water soluble sensitizer causes the normally
hydrophilic material to be converted to an oleophilic state
when exposed to ultra-violet radiation. After exposure, the
plate is simply rinsed with water to wash off the unexposed
sensitizer and thus deactivate the plate, so that the radiation
can no longer change its properties. The Association Product
plate is also a single-phase plate since both image and
non-image areas are of the same polymeric composition.
Plate Surface Treatment
Although many materials are suitable bases for lithographic
plates, metal bases are used because of their dimensional
stability. The change from absorbent limestone to non-absorbent
metal made it necessary to prepare the metal surface in such a
way as to make them perform in a similar fashion to stone. By
roughening the metal surface to produce an even grain, the
following features are obtained:
a. The minute hills and valleys of the grained surface
provide an anchorage for both oleophilic and hydrophilic
materials.
b. The rough surface retains moisture* gives more even
damping and slower moisture evaporation.
c. PreS6 roller skid and slip are minimized due to the
traction provided by the grain.
d. The surface area of the plate is increased by
graining. This means that a grained plate will hold more
moisture and is thus capable of a higher degree of
desensitization.
Statement of The Problems
Resolution is a quantitative description of the printed
image's retention of the fine details of the original. High
resolution is of special importance in areas of reproduction
such as aerial mapping, scientific and technical illustrations
and fine art reproduction.
A problem with the conventional double-phase lithographic
plate is the light undercutting phenomenon at the borders of
image and non-image areas caused by internal light scattering
through the coating and the reflection of light from the plate
o
grain. When a light beam strikes the surface of the coating,
some of the light beam is reflected back by the surface and the
remainder of the light beam penetrates the coating. The
turbidity of the coating material and the grain of the plate
base cause incident flux scattering. (Figure 6)9
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INCIDENT
LIGHT
LIGHT-SENSITIVE
; . COATING."
IRRADIATION
PLATE BASE
THE EXPOSING LIGHT, IMPINGING ON THE COATING,
IS SCATTERED BY THE COATING AND MAY BE
REFLECTED FROM THE BASE.
FIGURE 6 LIGHT SCATTERING PHENOMENON
In the case of exposing a lithographic plate, the light must
be absorbed into the coating. The amount of light absorbed
relates directly to the physical change in the coating. The
unwanted exposure caused by light scatter will obscure the
normally clear areas (unexposed areas) . The results of this
irradiation are image size variation and loss of edge contrast.
Image size variation in halftone printing will cause tone
shifting. Loss of edge contrast will make it difficult to
distinguish fine lines that are closely spaced.
On double-phase plates, the light-hardened coating will
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remain on the surface of the plate base after development. The
coating exposed by the scattering light will not be dissolved
by the developer and will also remain on the plate surface.
This residue will result in the lack of a clear distinction
between the image and non-image areas. (Figure 7 and 8)
U. V. RADIATION
I I I
NEGATIVE
FILM
EXPOSED BASE
PLATE COATING
(EXAGGERATED
THICKNESS)
PLATE BASE
RESOLVED IMAGE : BETWEEN THE CLOSELY
SPACED IMAGE AREAS, THE EXPOSED BASE
FORM THE NON-IMAGE AREAS.
FIGURE 7 IMAGES WITHOUT LIGHT UNDERCUTTING
ON DOUBLE-PHASE PLATES
On double-phase plates, the plate coating must not be too
thick, or it will be subject to increased undercutting J*-* A
thicker coating needs more exposure. Increased exposure will
result in the availability of more photons to scatter through
the greater depth of the coating layer. 12 (This is also true of
the effect of over-exposure on a conventional double-phase
12
plate). A thinner plate coating allows less undercutting, but
it also causes the problem of premature wear on the press.
Hence, the "correct" coating thickness is a compromise,
depending on the specific function of the plate.
U. V. RADIATION
1 1 I
NEGATIVE
FILM
COATING RESIDUE
PLATE COATING
(EXAGGERATED
THICKNESS)
PLATE BASE
UNRESOLVED IMAGE : ON THE SURFACE OF THE
PLATE DOES NOT HAVE THE EXPOSED BASE
BETWEEN IMAGE AND IMAGE AREAS.
FIGURE 8 IMAGES WITH LIGHT UNDERCUTTING
ON DOUBLE-PHASE PLATES
Areas of Investigation
The processing of single-phase plates does not involve the
dissolving and removing of coating material from non-image
areas. In those areas the chemical or physical characteristics
are changed, but the coating is not removed.
There is a theory applicable to the problem of light
13
undercutting on single-phase plates: internal light scattering
also causes the undercutting phenomenon on single-phase plates.
The physical relationship of the image and non-image coating
together, however, makes the surface of the coating have quite
distinctly differentiated image and non-image areas after the
plate has been processed. (Figure 9)
U. V. RADIATION
1 1 I
NON-IMAGE AREAS
NEGATIVE
FILM
*
PLATE COATING
'
(EXAGGERATED
THICKNESS)
PLATE BASE
RESOLVED IMAGE : THERE ARE NON-IMAGE AREAS
BETWEEN CLOSELY SPACED IMAGES AREAS. LIGHT
UNDERCUTTING DOES NOT AFFECT THE SURFACE
OF THE PLATE COATING.
FIGURE 9 SINGLE-PHASE PLATE
Regarding this theory, two areas are worthy of
investigation. First, the effect of coating thickness on the
resolution performance of single-phase plates; and second, the
compared resolution of single-phase plates and double-phase
plates.
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Thesis Objective and Hypothesis
The first objective is to investigate the effect of variable
coating thickness on the resolving power in single-phase
plates. It is hypothesized that for certain types of
single-phase plates, such as the Association Product plate, the
resolving power is independent of the coating thickness. It is
implied that the resolving power of this specific plate should
be constant. In order to support this hypothesis, a
sub-hypothesis should also be investigated: the resolution
performance of single-phase plates is not affected by varying
the exposure.
The second objective, an extension of the first one, is to
make a comparison with other conventional double-phase
lithographic plates, after the resolving power of the
single-phase Association Product plate has been determined. The
hypothesis in this section is that single-phase plates have
better resolution performance than double-phase plates.
In summary then, the two hypotheses and one sub-hypothesis
are:
The resolving power of Association Product plates is
independent of coating thickness.
The resolving power of Association Product plates is
independent of exposure time.
Single-phase plates have better resolving power than
double-phase plates.
15
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CHAPTER TWO
RELATED LITERATURE
Association Products
In 1969, a paper regarding "Photosensitive Association
Products"
was presented at the twenty-first annual meeting of
the Technical Association of the Graphic Arts. The term
"Association Product" was to mean an association of materials
which interact through physical forces (such as dipole-bonding,
dipole-induced, or hydrogen-bonding.) rather than through
chemical bonding of the usual types. *
Various polymers can interact through physical forces to
form Association Products. In such a case, the bonding is at
some point on the polymer chain. When polymers containing a
large number of properly placed electro-negative groups (such
as ether groups) are mixed with certain other polymers
containing acidic phenol groups or polar groups, a strong
association product is produced. These association products
very often possess properties which are peculiar to the polymer
combination and not distinct in the individual polymers. By
means of a photo-initiator, these association products are
18
capable of becoming photosensitive, and can then be used in
printing applications.
In the case of the Association Product printing plates, the
polymers used are a combination of Poly (ethylene oxide) and a
phenolic resin (Resole) . The photo-initiator is a water soluble
sensitizer, such as a diazonium salt.
The ethylene oxide component of the Association Product
plate coating refers to polymers possesing the repeating units
( -CH 2 -CH 2 -0- ) as represented by the class of commercial
"Polyox"* resins. 3 This material is noteworthy because it is
highly crystalline, flexible, water soluble, hydrophilic,
thermoplastic, heat degradable and readily oxided.
The phenolic resin component is the heat fusible
condensation product of a phenol and aldehyde under alkaline
conditions; such resins, referred to as Resoles, possess the
reactine units ( -CH20H- ) . One of the important features of
phenolic resins is that they can be converted to well-knit,
high cross-linked products by heat. ^ This allows preparation of
association products which can be made both thermoset and
perraeantly hydrophilic. Other properties of phenolic resin
include: brittleness, water insolubility, hydrophobicity , heat
6
resistance and amorphousness.
* Polyox is the trade mark of Union Carbide Corp.
19
When Polyox and phenolic resins are mixed together, both
polymers interact extensively as a result of hydrogen-bonding
between the electro-negative ether oxygen and the relatively
acidic hydrogen of the phenolic resin.' This interaction is
shown in Figure 10, where the dotted lines indicate
hydrogen-bonding. As a result of this interaction, the
"Association Product" is formed.
HYDROGEN
BONDING
Figure 10. ASSOCIATION PRODUCT
This Polyox-phenolic Association Product has properties
which are not merely an average of the components but rather
peculiar to itself: it is flexible and tough, thermoset, heat
o
resistant, water insoluble and hydrophilic.
The Association Product itself is not photosensitive. It
must be sensitized by adding a photoinitiator, a material
sensitive to ultra-violet radiation. After exposure, the
20
photoinitiator alters association product coatings from their
initial hydrophilic to an oleophilic state. The only basic
requirement for a photoinitiator is that it be water soluble,
so that after exposure the material can be rinsed off with
water, thus deactivating the plate to further light exposure.
In this process, DE-4* is used as the sensitizer. DE-4 is a
diazo salt sensitizer, expressed as:
N2+Cf'(ZnCI2)x
P-diazodiethylaniline zinc chloride
The coating is hydrophilic before exposure to ultra-violet
radiation; afterwards, it becomes oleophilic.
In addition to this simple processing procedure, there is no
oxidiation, gum blanding or dot sharpening problems ( common
with conventional lithographic plates) with the Association
Product plates. Both image and non-image areas of these plates
have a homogeneous coating, and the plate grain does not play
any part in the non-image areas of the plate, except in acting
as a coating carrier. Since there is no exposed metal, there
is no oxidiation problem, and gum is also eliminated.
* DE-4 is the product designation by the Fairmount Chem. Co.
of New Jersy.
21
Image Evaluation - Resolution
The first recorded use of the concept of resolution is
believed to be the work of F. Wadsworth in 1896.
10
His
experiments involved the estimation of the magnification and
image quality necessary in telescopes for detection of adjacent
stars. Since that time, the measurement of resolving power has
been widely adopted as a useful index of the capabilities of
radiation-sensitive material in reproducing fine image
structure. Resolution is defined as "the ability to render
11
visable fine detail of an object". Resolving power is defined
as "the degree to which an imaging system is able to define the
12
detail of an image". These two terms , however are used more
or less interchangeably in all the references.
Resolving power is usually determined by imaging a test
target containing a sequence of geometrically identical bar
arrays of varying size, and the smallest size on the imaged
material is recognized by the eyes under suitable
magnification. Figure 11 and 12 show two typical test targets.
The great advantage of resolving power as a criterion of
image quality lies in its basic conceptual simplicity. A very
simple apparatus is required and the necessary readings are
easily obtained. Hence, it is possible to assign a single value
13
to image quality.
In this study, we choose to use the UGRA-Plate Control Wedge
(Figure 13) because it is designed equally well for positive
22
and negative working plates. (documentation of UGRA Plate
Control Wedge instruction as in Appendix A) Microlines and the
continuous tone wedge can be applied without regard to the type
of plate. 14
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CHAPTER THREE
METHODOLOGY
The question stated in hypothesis two is whether the
resolving power of the single-phase plate is better than the
conventional double-phase plate. The term resolving power
refers to the finished plate. It is important to distinguish
between the resolving power of a radiation sensitive material
and the resolving power of a reproduced image. The resolving
power of a printed image is limited by the considerable number
of variables affecting the reproduction system - ink, paper,
press condition, and others. When detailed reproduction
performance of the radiation sensitive material is important -
independent of the reproduction systems - it is possible to
make direct contact images of resolving power targets onto the
sensitive material. This permits the study of detail
reproduction characteristics exclusive of the number of
uncontrollable variables existing in the reproduction system.
In hypothesis one, that the resolving power of a
single-phase plate is independent of the coating thickness,
must be tested by coating each set of plates with a different
26
coating thickness. Such thicknesses can be controlled by
varying the viscosity of the coating solution. "By increasing
the solid, the viscosity of the solution increases
proportionally and thicker layers are produced",1 also "An
increase in viscosity will retard the flow rate of the solution
p
and result in a proportional increase in coating thickness".
The higher the viscosity of the coating solution, the thicker
the coating on the plate.
Plate Preparation
To accomplish this single-phase plate coating, the
Association Product plate coating was used. Since it was not
commercially available, it was necessary to compound the
coating solution and prepare the plate in the laboratory. The
plate coatings were prepared according to information contained
3
in the patent literature and suggested by Dr. Silver.
The major ingredients used to make up this coating were an
ethylene oxide polymer, commercially known as Polyox resin, and
a phenolic resin known as Resole. Dimethyl formamide (DMF) was
used as the solvent. When preparing the top coating solution,
the Resole resin and DMF solvent were put into a high speed
blender. First, the materials were blended for five minutes to
dissolve all the Resole resin. Then the Polyox was added to the
blender and blended for another forty minutes. Due to the high
speed mixing, the resulting solution was hot after blending
because of shearing of the Polyox resin. It was cooled to room
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temperature by ventilation. Afterwards the viscosity reading of
the coating solution was measured by a viscometer.
Since the adhesion between the top coating and the plate
base material was poor, the Association Product plate was made
with a prime coating to insure the adherence of the top coating
and plate base. This prime coating was spread onto the plate
base by a whirler and whirling the plate until the coating was
dry. Afterwards the plate was baked in a laboratory oven for
ten minutes at a temperature of 160 degree Centigrade. After
baking, the plate was put on the whirler again and coated with
the top coating. The baking time of the top coating was twenty
minutes at 160 degrees Centigrade. The plate was then
sensitized by rinsing with a 1% diazonium salt solution. The
photo -sensitized Association Product plate was exposed through
the UGRA-Plate Control Wedge (PCW)^ in a platemaker with
ultra-violet radiation. The plate was processed by gently
washing it with clear tap water.
28
Hypothesis Testing
To test the first hypothesis, three batches of coating
solution were prepared, each with a different viscosity. These
coating solutions all had the same solids contents, but
different amounts of solvents. The best ratio for Resole and
Polyox resins was 1:3,5 thus 10 grams of Resole and 15 grams of
Polyox were used with 750ml, 600ral and 500ml DMF solvent to
make coating solution with the viscosity readings of 60CPS,
90CPS and 160CPS. The prime coating was made by Resole resin
alone. A concentration of 1% (5.537 grams phenolic resin in 700
ml solvent) was suggested by Woodhouse. For the sensitizing
solution 0.5 grams of P-diazodiethylaniline zinc chloride was
dissolved in 66.6 ml of acetone to make a 1% solution of the
sensitizer.
To test exposure effects on single-phase plate resolution
performance, plates with the same coating thickness were
exposed differently (timewise) for their result.
To test the second hypothesis, four different brands of
conventional negative-working lithographic plates were used (
Table 1 ) . The samples included both photopolymer and diazo
printing plates. All plates were exposed and processed by hand
according to the
manufacturers'
recommendations. These plates
have different types of grains. Although the grain plays a less
important factor in the Association Product plate's
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performance, it may still affect the final result to a certain
extent. By using the same type of grains for Association
Product plates, this variable was isolated . It had the same
influence on both conventional and Association Product plates,
so we may ignore its effects. This arrangement was made by
removing the coating from the commercial plates, and using the
plate base for Association Product plates.
SPECIFICATION OF DOUBLE-PHASE PLATES USED IN THIS STUDY
PLATE BRAND NEC./ POS.
WORKING PROCESSING
COATING
MATERIAL
GAUGE CARRIERSTRUCTURE
ENCO N-50
NEGATIVE
WORKING SUBTRATIVE DIAZO 0.008' GRAINED
WARREN QS-100
NEGATIVE
WORKING SUBTRATIVE DIAZO
0.012-
GRAINED/
ANODIZED
KODAK
POLYMATIC S
NEGATIVE
WORKING SUBTRATIVE
PHOTO-
POLYHER
0.0055'
(0.14 mm)
GRAINED/
ANODIZED
3M TARTAN 60
NEGATIVE
WORKING SUBTRATIVE DIAZO
0.006" GRAINED/
ANODIZED
TABLE 1
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Determination of Resolving Power
When the UGRA-GRETAG Plate Control Wedge ( PCW ) was used to
determine the resolving power of a plate, a series of exposures
were made for which each following exposure time was the double
of the preceding one. The aim was to find the exposure time at
which the positive and negative lines were lost simultaneously
at the same line width. The resolving power was then specified
as the line width of the lowest step where positive and
negative lines are still just visible (Figure 14). The
determination of the resolving power will be made on the
finished plate.
WITH A SERIES OF EXPOSURES THAT PATCH IS LOCATED
WHERE THE POSITIVE AND NEGATIVE LINES ARE ALMOST
SIMULTANEOUSLY AT THE SAME PATCH.
FIGURE 2. DETERMINATION OF RESOLVING POWER
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FOOTNOTES FOR CHAPTER THREE
Stuart P. Berkowitz, Continuous Tone Plate Analysis, (Report
of Berkowitz Press, 1968,) p. 6.
J. Kosar, Light Sensitive System, (John Wiley and Sons,
Inc.,) 1965, p. 80.
Julius L. Silver, U.S. Patent 3,231,378, Jan. 1966. U.S.
Patent 3,309,202, March 1967, both patents are assigned to
the Union Carbide Corp.
UGRA Plate Control Wedge is designed for controlling the
plate making process in lithography, manufactured by UGRA
association, Switzerland.
Julius L. Silver, Barry L. Dickinson, "Photosensitive
Compositions Containing Polythylene Oxide, a Phenolic
Resin, a Photosensitive Compound and an Oxidizing Agent",
U. S. Patent 3,231,381 (Jan. 25, 1966), part 3.
Mark Woodhouse , A Study of The Effect of Coating Variations
on Tone Reproduction in The Association Products Plate, (MS
thesis , Rochester Institute of Technology, June 1979, ) p.
37.
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CHAPTER FOUR
DATA COLLECTION AND EXPERIMENTAL RESULT
Data Collection
The data generated from this experiment was used to
construct a series of 20 curves (Figure 15-34) which depict the
resolved image size for all combinations of the following
variables: coating thickness; exposure time; plate grain
structure. Each curve shows the resolved image size for a
specific coating thickness under six different levels of
exposure treatment. The curves offer a visual means for
comparing the following: the resolving power of these three
coating thicknesses with the same exposure treatment; the
resolving power of a fixed coating thickness with various grain
structures; the resolving power of the single-phase and
double-phase plates.
Two tables were also constructed from the same data. One is
the Single-Phase Association Product Plate Table (Table 2) ,
another is the Conventional Double-Phase Plates Table (Table
3) .
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SINGLE-PHASE ASSOCIATION PRODUCT PLATES
5h RESOLVED IMAGE SIZES (micron)
UNDER DIFFERENT EXPOSURE
RELATIVE LOG EXPOSURE
0.3 0.6 0.75 0.9 1.2 1.5
14 70 7 6 8 12 12
18 70 -- 8 6 8 12 17
19 70 -- 8 6 8 12 17
8 55 6 5 6 6 12 12
12 55 8 4 6 10 17 17
16 55 12 6 5 6 12 17
9 35 6 4 6 7 17 17
15 35 12 5 6 10 17 17
17 35 6 4 8 12 17 17
ASSOCIATION PRODUCT PLATES WITH DIFFERENT PLATE BASE
21* 35 8 5 6 12 15 17
20** 35 12 5 6 12 15 17
23*** 35 12 6 6 8 12 17
* Kodak Polymatic S plate base
** Warren QS-100 plate base
*** ENCO N-50 plate base
TABLE 2
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CONVENTIONAL DOUBLE-PHASE PLATES
RESOLVED IMAGE SIZES (micron)
WW
EH pg
UNDER DIFFERENT EXPOSURE
RELATIVE LOG EXPOSURE
Ph pq Ch 2;
0.3 0.6 0.75 0.9 1.2 1.5
ENCO
1 34 17 17 17 24
N-50
2 34 17 17 24 34
Kodak
1 12 6 8 12 12 17
Polymatic
S 2 12 8 12 12 17 17
Warren
1 34 24 17 17 17 24
QS-100
2 24 24 15 17 24 34
3M 1 24 15 15 17 24 34
Tartan
30 2 34 15 12 15 21 29
TABLE 3
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Analysis of Data
The analysis of variance (ANOVA) technique was used so that
inference could be made concerning resolving power of the
printing plates tested. The ANOVA technique can show whether
observed differences among different factors (coating
thickness, exposure factor and plate grain structure,) can be
attributed to chance, or whether there are real differences
among them. The criterion used was mean values of resolved
image size on the printing plate under different treatment. The
response variable was the resolving power of the plate. Any
factors which the ANOVA1 s showed to have a significant effect
were then subjected to further testing to clearly define the
significant differences. In all, the statistical analysis was
broken into five cases. They are:
(1) To determine whether or not there is a interaction
between coating thickness and exposure factor.
(2) To determine whether or not the resolving power is
independent of the coating thickness.
(3) To determine resolving power of Association Product
plates as affected by grain structures.
(4) To determine the affect of different exposure levels on
the resolving power of the plate.
(5) To determine whether single-phase plates have better
resolution than double-phase plates.
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A computer software "MINITAB" was used to carry out the
actual computation (the documentation of this software package
is in Appendix B;and the program listing, input data file and
output file is in Appendix C) . Each of the computer output
files include three parts. The first part is an analysis of the
variance table. The total sum of squares (SS) is broken down
into two sources- the variation due to the differences between
experimental treatments , and the variation due to random error
within a treatment. Each sum of the squares has a certain
number of degrees of freedom (DF) associated with it. These
degrees of freedom were used when doing the tests. The third
column of the ANOVA table gives the mean square (MS) due to
factor difference among treatments and the mean square due to
error variation within treatments. Each mean square is the
ratio of the corresponding sum of squares and the degrees of
freedom. The last column gives the quotient of these two mean
squares (F-Ratio) . This F-ratio is then used to compare with
the critical value that from an F-value table. If the results
from this comparison do not support the null hypothesis, it
will be rejected and it will be concluded that there is
significant evidence that there is some difference among
separate treatments.
The second part of the output file is a table containing
some other information, such as the sample size, sample mean
and sample standard deviation corresponding to each level of
the treatment. Following this table is the pooled estimate of
4 7
the common standard deviation. This pooled estimate is used to
construct confidence intervals for each of
the1 treatment means.
These confidence intervals are displayed in the boxplot graphs.
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Results of ANOVA
Two-Way Analysis of Variance with Interaction for Coating
Thickness and Exposure Factor
ANALYSIS OF VARIANCE TABLE
SOURCES OF
VARIATION
DECREES OF
FREEDOM
SUM OF
SQUARE
MEAN
SQUARE
CALCULATED
F-RATIO
CRITICAL
VALUE* SIGNIFICANCE
COATING
THICKNESS 2 18.98 9.49 3.55 5-39 YES
EXPOSURE
FACTOR 4 802.58 200.64 75.15 4.02 YES
IKTERIACTION 8 54.36 6.79 2.54 3.17 NO
EXPERIMENTAL
ERROR 30 80.00 2.6?
TOTALS 44 955-91
The Level of Significance bL ' 0.01
TABLE 4
The results of this two-way ANOVA table with 99% confidence
indicates that the critical value of interaction ( 3.17 ) is
larger than the calculated F-ratio value ( 2.54 ). We can
conclude that there is no interaction between coating thickness
and exposure factor in this study. In other words, coating
thickness and exposure factor are two independent variables.
Thus, it is valid to analyse their influence on the resolution
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performance of Association Product plates individually.
One-Way Analysis of Variance for Coating Thickness
ANALYSIS OF VARIANCE TABLE
SOURCES OF
VARIATION
DECREES OF
FREEDOM
SUM OF
SQUARE
MEAN
SQUARE
CALCULATED
F-RATIO
CRITICAL
VALUE*
SIGNIFICANCE
COATING
THICKNESS 2 12.3 6.1 0.29 5.08 NO
EXPERH-ENTAL
ERROR 48 1002.5 20.9
TOTALS 50 1014.7
The Level of Significance oL = 0.01
TABLE 5
The result showed that the effect of coating thickness on
the single-phase plate was not significantly different in the
observed resolving power data.
One-Way Analysis of Variance for Exposure Factor
ANALYSIS OF VARIANCE TABLE
SOURCES OF
VARIATION
DEGREES OF
FREEDOM
SUM OF
SQUARE
MEAN
SQUARE
CALCULATED
F-RATIO
CRITICAL
VALUE* SIGNIFICANCE
EXPOSURE
FACTOR 5 886.49 117.30 43.11 3-43 YES
EXPERIMENTAL
ERROR 50 205.63 4.11
TOTALS 55 1092.12
The Level of Significance bL n 0.01
TABLE 6
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The comparison of calculated F-ratio value and critical
values indicates there is a significant difference among
exposure levels. Because of the existence of difference,
further analysis was necessary to clearly determine the trend
of the difference. When we observed the overall pattern of the
plate behavior under the same exposure level, plate performance
was roughly parallel from one to another. This trend indicates
that the plate can produce similiar results at the same
exposure level. In other words, this kind of plate is capable
of repeating its performance as long as it receives the same
amount of exposure. From this, we can get an impression about
the stability of specific plates.
One-Way Analysis of Variance for Grain Structure
ANALYSIS OF VARIANCE TABLE
SOURCES OF
VARIATION
DECREES OF
FREEDOM
SUM OF
SQUARE
MEAN
SQUARE
CALCULATED
F-RATIO
CRITICAL
VALUE* SIGNIFICANCE
CRAIN
STRUCTURE 3 0.8 0.3 0.01 4.41 NO
EXPERIMENTAL
ERROR
32 786.1 24.6
TOTALS
i
35 786.9
The Level of Significance oL = 0.01
TABLE 7
Grain structures in this study do not have any influence on
the resolution performance of single-phase Association Product
plates. As long as the plate grain can hold the coating well,
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any type of grain structure will give relatively the same
resolving power.
One-Way Analysis for Single and Double Phase plates
ANALYSIS OF VARIANCE TABLE
SOURCES OF
VARIATION
DECREES OF
FREEDOM
SUM OF
SQUARE
MEAN
SQUARE
CALCULATED
F-RATIO
CRITICAL
VALUE*
SIGNIFICANCE
SING./ DOUB.
PHASE PLATES 1 2347.7 2347.7 58.97 6.97 YES
EXPERIMENTAL
ERROR 95 3782.5 39.8
TOTALS 96 6130.2
The Level of Significance U. = 0.01
TABLE 8
By using one-way ANOVA, we only can determine whether there
is a difference between the resolving power of single and
double phase plates. As to which one is better than the other,
we also need to compare the mean and standard deviation of
these two types of plate.
PLATE TYPE MEAN VALUE
STANDARD
DEVIATION
SINGLE-PHASE
PLATE
9.^83 4.505
DOUBLE-PHASE
PLATE
19.696 7.843
TABLE 9
The mean value of single-phase plate is smaller than the
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mean value of double-phase plate. This indicates that the
single-phase plate is capable of resolving finer detail. The
standard deviation of single-phase plates is also smaller, so
the consistency of it's performance is also superior to
double-phase plates. From the comparison, the conclusion can be
made: single-phase plates are better than double-phase plates
from the view point of resolution performance.
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY
Summary and Conclusions
In reviewing the ANOVA' s result of this study, one of the
most interesting points discovered was that the resolving power
curves of single-phase Association Product plates are
essentially bell shaped. Initially it was expected that the
difference between various coating thicknesses would be such
that the resolution curves would be constant. As it turns out,
none of the twelve curves were. When the overall pattern of the
plate behavior under the same exposure level was observed,
plates performed sufficiently well from the view point of
repeatability, since the coating thickness and exposure factor
are two independent variables with regard to plate resolution
performance. For this reason, the difference in performance can
best be attributed to the exposure factor. In relation to the
first hypothesis and the sub-hypothesis, what the evidence
seems to indicate is that the single-phase Association Product
plate in actual application needs more precise exposure
control . Coating thickness is not a key factor for control
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purposes.
The second hypothesis was that the single-phase plates have
better resolution performance than double-phase plates, and it
was found that the single-phase Association Product plates
certainly have much better resolving power than four widely
uesd conventional double-phase plates which had been used in
this study. The superiority of the single-phase Association
Product plates can be attributed to its truly planographic
property. The plate grain makes no significant difference on
the performance. But there is one thing about grain structure
that should be considered when manufacturing this plate. That
is, the coating thickness should be matched with certain types
of grain structure. When the coating is not thick enough to
smoothly cover the grain, the characteristic of grain structure
becomes significant. In this situation, the surface of the
plate does not have a true planographic character anymore, and
the resolving power of the plate drops rapidly. To ensure
successful application prior to manufacturing, the proper plate
coating thickness for a specific type of grain should be
determined.
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Recommendation for further study
This study indicates that the exposure factor influences the
performance of the single-phase plate. Why does this happen on
single-phase plates? This is still an unresolved question. The
experiment only explains a certain portion of the image
formation mechanism. The remaining portion appears to be either
more complicated than a single explanation will allow, or the
mechanism is of a nature which has not been considered yet.
Further investigation in the area of how the photo initiator
sensitizes the coating should provide answers to this question.
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Figure 1 UGRA plate control wedge (PCW) in original site
1 General description
1.1 Aim
The UGRA plate control wedge (PCW) 1982 is intended
lor controlling the platemaking process in lithography.
Furthermore, it is possible to use the PCW for some
evaluations in the proofing process and for printing tests.
On the printing plate the following criteria can be
evaluated:
- exposure (see 2.3 and 7)
- exposure latitude (see 3.3)
- resolving power (see 3.2)
- gradation (see 2.4)
- rendering of halftone dots (see 4 and 6)
When making proofs and production prints it is possible
to assess:
- slur and doubling (see 5)
- tone reproduction (see 4 and 6)
1.2 Dimensions
length: 174 mm
printing length: 164 mm
width: 14 mm
thickness: 0.10 mm
1 .3 Structure
The PCW consists of five elements:
- Continuous-tone wedge: 13 steps 4x5 mm
- Micro-lines: 12 circular patches, diameter 4.5 mm.
positive and negative halves
- Halftone wedge 60 lines/cm (1 50 lines/in):
10 steps 5x5 mm
- Slur target: 4 steps 5x5 mm
- Small dot patches, negative and positive
1 2 steps 5x5 mm
The UGRA PCW is made from two different films, a
high-resolution line film and continuous-tone film. The
latter, consisting of 1 3 continuous-tone steps, is stripped
into a window of the line film with an adhesive tape
2 Continuous-tone wedge
2.1 Density values
The density values are labelled on top of the continuous-
lone patches These values are correct for a densitometer
that is zeroed without film base.
Tolerances
- deviation from the specified density values: 0.02
- difference between two steps: 0.15 0.02
2.2 Relation between exposure time
and rendering of the
continuous-tone wedge
For a given type of light sensitive material, the
continuous-tone wedge indicates differences in expo
sure according to the following rule:
If two tests show a there is a difference in
difference exposure
in the wedge of: by the factor:
1 step 1.4
2 steps 2
3 steps 28
4 steps 4
5 steps 5 6
6 steps 8
7 steps 11
This rule holds for any continuous-tone wedge having a
step increment of 0.1 5
If a higher step of the continuous-tone wedge should
print on the plate, the initial exposure time has to be
multiplied with the above indicated factor. II a lower
step is desired, the initial exposure time must be divided
by the (actor.
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Figure 2 Continuous-tone wedge (Magnification: 3x, the continuous-tone is simulated by a fine halftone)
Example: To proceed from step 5 to step 7, the exposure
time should be doubled.
To go back from step 4 to step 3. the exposure
lime must be divided by 1.4.
2.3 Control of exposure
The correct exposure cannot be determined from the
continuous-tone wedge alone. It is necessary to make a
series of exposures and evaluate the reproduction ol
micro-lines.
Once the correct exposure for a certain plate has
been determined, it then can be maintained by keeping
the reproduced continuous-tone step constant.
In general, optimum exposure is applied, when the first
printing step in the continuous-tone wedge for the
different light-sensitive coatings is as follows:
diazo coatings (positive working): step 2-4
diazo coatings (negative working): step 5-7
photopolymers: step 5-7
dichromated polyvinyl alcohol: step 3-5
These specifications refer to the reproduction of the
continuous-tone wedge after developping. If the light-
sensitive coating is removed (e.g. in multimetal plate-
making), then the evaluation of the continuous-tone
wedge on the finished plate becomes meaningless
2.4 Evaluation of gradation
The gradation of a light-sensitive coating can be judged
by counting the number of continuous-tone steps that
are neither fully solid nor fully non-printing.
The following values are typical for the different
light-
sensitive coatings:
diazo coatings (positive working): 4-5 steps
diazo coatings (negative working): 2-4 steps
photopolymers: 1 -2 steps
dichromated polyvinyl alcohol: 2-4 steps
Again, these specifications refer to the light-sensitive
coating after developping.
3 Micro-lines
Figure 3 Micro-lines (Magnification: 3x)
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3.1 Specifications
The 1 2 patches of micro-lines have the following values
3.2 Determination of resolving
power
width distance area covered
|um| (Mm) (%)')
4 36 10
6 54 10
8 72 10
10 90 10
12 108 10
15 135 10
20 120 14.3
25 135 15.6
30 150 16.6
40 200 16.6
55 275 16.6
70 350 16.6
') negative lines have the complementary
Hnei/cm
250
167
125
100
83
67
71
62
56
42
30
24
le to 1 00%
The micro-line patches of the UGRA PCW have the same
values as the micro-line patches in the FOGRA-PMS
K-oatch. (Compared with the K-patch in the FOGRA-PMSColor Control Bar. the UGRA PCW has additional line
w,dths of 4, 25. 40, 55 and 70 microns.) Therefore, the
mICro-lines of the UGRA PCW can be evaluated
according to the same guidelines as the ones established
lor the FOGRA-K-patch.
In order to determine the resolving power of a plate (or
film), a series of exposures is made such that each
following exposure time is the double of the preceding
one.
Example for a series of five exposures:
20-40-80- 160 -320s
The aim is now to find the exposure time at which the
positive and negative lines are lost simultanously at the
same line width (see figure 4). The resolving power is
then specified as the line width of the lowest step where
positive and negative lines are still just visible. A line
patch is considered to be reduced to zero or to be a
solid-tone, if less than a third of the lines is left.
The determination the of the resolving power has to be
made on the finished plate, i.e. on multimetal plates after
etching.
The resolving power of direct printing plates ranges from
4 to 1 0 microns, mostly being about 4 to 6 microns. This
is valid for diazo coatings and photopolymers. Multimetal
plates have a resolving power ranging from 9 to 14
microns, and this independent of whether a diazo coating
or a dichromated polyvinyl alcohol coating is used.
The exposure time to achieve the resolving power is not
significantly different for the different light-sensitive
coatings. Dependent on the coating thickness the
exposure time can vary up to a factor 4 for the same type
of coating.
3.3 Determination of exposure
latitude
The exposure to achieve the resolving power can be
considered as the minimum required exposure. A further
increase of exposure results in an undercutting by light
yielding a dot loss on positive working plates and a dot
gain on negative working plates. Thus, exposure latitude
can be defined as the difference between the minimum
required exposure and the exposure at which under
cutting does not exceed a certain degree. In this manual,
exposure latitude is defined as the range where the
degree of undercutting does not exceed 5 microns.
Starting from the exposure time to achieve the resolving
power, the exposure time is determined where the width
of the positive lines being reduced to zero has increased
by 5 microns. (This applies for positive working plates.
On negative plates, the width of the negative lines being
turned to solid-tone has to be judged.)
The exposure latitude of positive working diazo plates
ranges from 50 to 200% of minimum exposure
The exposure latitude of direct negative working photo-
polymer plates ranges from 25 to 50% ol minimum
exposure.
And the exposure latitude for multimetal plates and
deep-etch aluminium plates can vary between 0 and
1 00%.
Figure 4 Determination of resolving power:
Within a series of exposures that patch is located where the positive and negative lines are almosl
simultaneously at the same patch.
In this example, the resolution is 10 microns.
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4 Halftone wedge 60 lines/cm
4.1 Shape of the halftone dots
The shape of the dots was calculated and plotted usingthe FOGRA chain dot model. (In order to use a standard
halftone dot model. UGRA refrained from using its own
model.)
A moderate chain dot shape was chosen according tothe current knowledge about the ideal dot shape. The dot
areas where corner link-up takes place are symmetrical
to 50%: .
First corner link-up: 42.5%
Second corner link-up: 57.5%
The screen angle is 45*.
Figure 5 Halftone wedge 60 lines/cm (Magnification: 3x)
9
4.2 Relationship between dot area and
dot diameter
The important advantage of plotted halftone dots is that
there is a known mathematical relationship between dot
area and dot diameter. Based on dimensional measure
ments is is possible to draw conclusions as to changes
in the tonal values. (When halftone dots are printed on
paper the diffusion of light has to be also considered.)
The diameter values are (in micron):
Step (%) horizontal ) vertical diagonal
10/90
20/80
30/70
40/60
50
61
91
1 18
149
167")
59
84
105
128
149
58
81
96
107
118
) horizontal relative to the screen direction
) not measurable because of the corner link-up, the
value is identical with the length of one side of unit
area.
__^^
wedge are better suited tools than halftone dots.
The steps of the halftone wedge have been chosen such
that sufficient measuring points are available to plot a
characteristic curve of the printing process. As the dot
areas are multiples of 10%, calculation and plotting of
dot gain values is facilitated.
On printing plates, only dimensional measurements are
meaningful, since densitometric measurements do not
provide exact values.
The halftone steps of 40%. 50%, 70% and 80% permit
evaluation of dot gain in comparison with commercially
available colour control strips. The above-mentioned dot
areas exist in the following colour control strips:
Control strip
Brunner
FOGRA PMS
GRETAG CMS-1
GRETAG CMS-2
40% 50% 70% 80%
4.3 Application of the halftone
wedge
The purpose of the halftone wedge is to evaluate
tone reproduction. As far as routine control of
plate-
making is concerned, micro-lines and
continuous-tone
Note, however, that the dot shape in the above-
mentioned colour control strips does not correspond
with the dot shape of the UGRA PCW.
10
5 Slur and doubling patches
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5.1 Specifications
Screen ruling:
Area covered:
Line width;
Line clearance:
48 lines/cm
60%
124 micron
84 micron
makes the lines simply broader. The two images of
doubling can be observed at the highlight dots.
Doubling can occur in any direction, while slur happens
only in the printing direction.
5.2 Recognition of slur and
doubling
Slur is caused by a difference in surface speed of two
cylinders (plate-blanket or blanket-impression cylinder)
and results in a spreading of lines running perpendicular
lo the printing direction, while lines running parallel with
it are not affected. The visual effect is that the perpen
dicular lines become darker.
Doubling can be caused by register problems between
different units on a multicolor press and results in a
slightly misregistered overprint of the same image. The
visual effect is again that lines of a particular direction
become darker. However, contrary to slur, doubling can
occur in any direction.
Mence. slur and doubling can visually be distinguished by
two criteria:
- Doubling shows two misregistered images, one
usually being lighter than the other. Slur, however, Figure 6 Slur and doubling patch (Magnification: 3x)
1 1
5.3 Application of the target D
The purpose cf target D is solely for the visual
assesse-
ment of slur and doubling. For the sake of standardi
sation target D is the same as the one in the FOGRA Color
Bar(PMS).
It has been shown that lines of rectangular and
diagonal
direction are most sensitive for the recognition
of slur
and doubling.
5.4 Application of the line patches
0790745*
The patches 079074
5-
are designed to help evaluate
slur and doubling by density measurements. This
can
be of interest when running printing tests,
while the
visual control of slur and doubling is sufficient in
normal
production printing and proofing.
The density measurements provide a
numerical measure
of contrast in addition to a visual
judgement. This can be
very useful when, for instance,
the performance of
different blankets is studied.
In addition, it can be seen from
comparison with target
D which numerical difference leads to a visually
percepti
ble slur or doubling.
12
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6 Small dot patches
6.1 Specifications
Screen ruling:
Dot shape:
Screen angle:
60 lines/cm
circular
45"
The distance from dot center to dot center is 1 67 micronmeasured in the screen direction.
The dots "have the following diameters:
Step |%) Diameter (um)
0.5/99.5 13
1/99 19
2/98 27
3/97 33
4/96 38
5/95 42
Figure 7 Small dot patches 60 lines/cm (Magnification: 3x)
13
6.2 Application of the small dot
patches
On principle, small dots can be judged in the same way
as micro-lines, i.e. it is checked to what extent positive
dots are reduced to zero or negative dots have turned to
a solid-tone.
In addition small dots indicate the beginning and the end
of the reproducible tone scale.
Note, however, that small dots of the UGRA PCW do not
behave the same way as micro-lines having the same
diameter when undercut by light. This is due to two
reasons:
- The distance between the small dots is considerably
larger than between micro-lines of the same diameter.
(Also, the small dots in the UGRA PCW should not be
compared with small dots of the same diameter in
other control strips, since the distance between the
dots may be different.)
- Halftone dots are undercut by light from all directions,
while lines are only undercut from two directions.
This is the reason why the small dots in the UGRA PCW
are more sensitive than the micro-lines having the same
diameter.
In a further application one can observe lo what extern
halftone dots are fully transferred from the plate to the
paper. Moreover, highlight dots of 5% and 95% can be
used as measuring points to record a characteristic curve
of the printing process.
7 Standardisation of the platemaking process
Although the exposure time required to achieve the
resolving power and the exposure latitude are objective
.criteria, the
"correct"
exposure time can not be directly
derived from it.
The exposure time to achieve the resolving power can be
considered as the minimum required exposure. If this
exposure time is exceeded, the positive halftone dots
become smaller which may not be desirable. Simultane
ously the negative halftone dots become more open
which is usually desired. Also, film edges are reduced
with increasing exposure time.
Hence, the
"correct"
exposure time is a compromise
Depending on the image, it may be desirable that
- the shadows are sufficiently open
- the highlights are not too much undercut
- the film edges are eliminated to an extent that only few
corrections on the plate are necessary.
14
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So. since there are no objeclive criteria for the
"correct"
exposure time, it is reasonable to define an arbitrary
criterion in order to standardise the platemaking process.
UGRA established the following guidelines which are in
line with the FOGRA recommendations:
Recommendation for a standardised
platemaking process:
The exposure time has to be chosen In such a way
that the last reproduced patch of micro-lines is
four microns above the resolving power. The
reproduction of the micro-lines must be judged on
the finished plate, I.e. on multimetal plates, after
etching.
Investigations of UGRA and FOGRA showed that, if a
positive working plate is exposed at 4 microns above the
resolving power, the dot area of halftone dots in the
middletones is reduced by 2 to 4%. On negative working
plates the dot area increases by about 2 to 4%.
Figure 8 Standardised plate:
The micro-line patch with 1 0 micron is just reproduced That assumes that the resolving power of the printing
plate is 6 microns.
15
8. Application of the UGRA PCW on negative working plates
In contrast to positive working plates, on negative plates
the dot areas of all image elements increase with
increasing exposure time.
Difference between positive and negative working
plates:
Effect of increasing exposure:
positive lines
and dots on
plate become
negative lines
and dots on
plate become
on negative
working
plates
larger
on positive
working
plates
smaller
The design of the UGRA PCW is such that it is suited
equally well for positive and negative working plates
Micro-lines and the continuous-tone wedge can be
applied without regard as to the type of plate. However.
the labels on the halftone scales, are no longer correct.
(The correct values are obtained by subtracting the label
values from 1 00%).
When printing the slur target from a negative plate, the
dot area is 40% rather than 60%. This causes a
somewhat smallor sensitivity. Therefore density
measurements from negative working plates should not
be compared with measurements from positive working
plates.
wider
Fiaure 9 Micro-lines on negative working plates:
The width of the positive lines has increased,
while the negative l.nes turned to a solid tone
16
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The One-Way Analysis of Variance Procedure
In one-way analysis of variance, we want to compare the means of
several populations. We assume that we have a random sample from
each population, that each population has a normal distribution, and that
all of the populations have the same variance, a2. (In.practice', the nor
mality assumption is not too important, the equal variances assumption
is not important if the sample sizes for the different samples are about
the same, but the assumption of a random sample is very important.)
The main question is, "Do all of the populations have the same
mean?"
Suppose we have r populations, and that pti is the mean of the first
population, n2 is the mean of the second population, n3 of the third, and
so on. Then the null hypothesis of no differences is
H0: ^= n2 = (x3 = ... = fiT .
To test this null hypothesis, we can use Minitab's analysis of variance
one-way command.
j AOVONEWAY ON DATA IN C, C,...,C j
Performs a one-way (one-factor) analysis of variance on the data. The
first column contains a sample from the first population (sometimes
called group, or level), the second column contains a sample from the
second population, the third column from the third population, and so
on. (The sample sizes need not be equal.)
The output gives the following: (i) a plot of the data; (2) an analysis
of variance table; (3) the sample size, sample mean, and standard devia
tion corresponding to each population (or factor level); (4) the pooled
estimate, sp = ^/ mean square error, of the common standard deviation,
a ; (5) a display of individual 95% confidence intervals for each population
mean. Each confidence interval is calculated by
Xj - f sp/ yfWi to xf + f sp/^ ,
where Xj and n; are the sample mean and sample size corresponding to
population i, and t* is the value from a t-table corresponding to 957
confidence and the degrees of freedom associated with the mean square
error.
The output discussed here is the full output. On some computers this
output has been abbreviated. To get the full output, put the command
nobrief (page 326) before the first analysis of variance command.
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APPENDIX C
PROGRAM: TWOWAY.
READ R. POWER INTO CI, LOG EXP. INTO C2 , COATING TK. INTO C3
B 2
B 2
6 3
6 3
6 3
B 4
B 4
B 4
12 5
12 5
12 5
12 6
17 6
17 6
5 2 2
4 2 2
6 2 2
6 2 3
6 2 3
5 2 3
6 2 4
10 2 4
6 2 4
12 2 5
17 2 5
12 2 5
12 2 6
17 2 6
17 2 6
4 3 2
5 3 2
4 3 2
6 3 3
6 3 3
B 3 3
7 3 4
10 3 4
12 3 4
17 3 5
17 3 5
17 3 5
17 3 6
17 3 6
17 3 6
OlTTFILE= ' TWOOUT '
TWOWAY ON DATA IN COLUMN C1-C3
LPLOT CI VS C3, USING CODES IN C2
STOP continue .
PROGRAM: TWOWAY. (continue)
MTB > TWOWAY ON DATA IN COLUMN C1-C3
ANALYSIS OF VARIANCE ON CI
SOURCE DF SS MS
C2 2 18,,98 9 .49
C3 4 802,,58 200..64
INTERACTION 8 54.,36 6.,79
ERROR 30 BO..00 2,.67
TOTAL 44 955,,91
MTB > STOP
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aaa MINITAB AAA STATISTICS DEPT A PENN STATE UNIV.
STORAGE AVAILABLE 963144
A RELEASE 82.1 *
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PROGRAM: CNK.
SET DATA FROM FILE 'CNK70.DAT' INTO COLUMN CI
SET DATA FROM FILE 'CNK55.DAT' INTO COLUMN C2
SET DATA FROM FILE 'CNK35.DAT' INTO COLUMN C3
OUTFILE='CNKOUT'
PRINT DATA ON COLUMN C1-C3
AOVONEWAY ON DATA IN COLUMN C1-C3
STOP
MTB > PRINT DATA ON COLUMN CI C3
1 7 6 6
2 6 5 4
3 B 6 6
4 12 6 7
5 12 12 17
6 8 12 17
7 6 8 12
8 8 4 5
9 12 6 6
10 17 10 10
11 B 17 17
12 6 17 17
13 8 12 6
14 12 6 4
15 17 5 8
16 6 12
17 12 17
18 17 17
MTB > AOVONEWAY ON DATA IN COLUMN C1-C3
ANALYSIS OF VARIANCE
SOURCE DF SS
FACTOR 2 12.3
ERROR 48 1002.5
TOTAL 50 1014.7
LEVEL
CI
C2
C3
N
15
18
18
MEAN
9.800
9.278
10.444
POOLED STDEV
MTB > STOP
4.570
MS
6.1
20.9
F
0.29
INDIVIDUAL 95 PCT CI ' 3 FOR MEAN
BASED ON POOLED STDEV
STDEV + + + +
3.688 ( * )
4.470 ( A )
5.272 ( a )
+. + + +.
8.0 9.6 11.2 12.8
AAA MINITAB AAA STATISTICS DEPT a PENN STATE UNIV.
STORAGE AVAILABLE 963144
a RELEASE 82.1 a
PROGRAM: EXP.
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SET DATA FROM FILE 'EXP03.DAT'
SET DATA FROM FILE 'EXP06.DAT'
SET DATA FROM FILE 'EXP07.DAT'
SET DATA FROM FILE 'EXP09.DAT'
SET DATA FROM FILE
SET DATA FROM FILE 'EXP15.DAT'
OUTFILE- 'EXPOUT'
PRINT DATA ON COLUMN C1-C6
AOVONEWAY'
ON DATA IN COLUMN CI
STOP
INTO COLUMN CI
INTO COLUMN C2
INTO COLUMN C3
INTO COLUMN C4
INTO COLUMN C5
INTO COLUMN C6
C6
MTB > PRINT DATA ON COLUMN C1-C6
ROW CI C2 C3 C4 C5 C6
1 6 7 6 8 12 12
2 8 8 6 8 12 17
3 12 8 6 8 12 17
4 6 5 6 6 12 12
5 12 6 B 8 12 17
6 6 4 6 10 17 17
7 6 5 6 12 17
8 4 6 7 17 17
9 5 6 10 17 17
10 4 8 12 17 17
MTB > AOVONEWAY ON DATA IN COLUMN C1-C6
ANALYSIS OF VARIANCE
SOURCE DF SS MS F
FACTOR 5 B86.49 177.30 43.11
ERROR 50 205.63 4.11
TOTAL 55 1092.12
INDIVIDUAL 95 PCT CI'S FOR MEAN
LEVEL N MEAN STDEV
BASED ON POOLED STDEV
"*"
CI 6 B.333 2.944 (---A )
C2 10 5.700 1.567 (--A--)
C3 10 6.300 0.949 (--A--)
C4 10 B.300 1.889 (--A--)
C5 10 14.000 2.582 (--A--)
C6 10 16.000 2.108 (--A--)
POOLED 51TJEV = 2.028 8.0 12 .0 16.0
AAA MINITAB AAA STATISTICS DEPT a PENN STATE UNIV. a RELEASE 82.1 a
STORAGE AVAILABLE 963144
PROGRAM: GRAN.
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SET DATA FROM FILE 'GRN1.DAT'
SET DATA FROM FILE 'GRN2.DAT'
SET DATA FROM FILE 'GRN3.DAT*
SET DATA FROM FILE 'GRN4.DAT*
OUTFILE='GRNOUT'
PRINT DATA ON COLUMN C1-C4
AOVONEWAY ON DATA IN COLUMN C1-C4
STOP
INTO COLUMN CI
INTO COLUMN C2
INTO COLUMN C3
INTO COLUMN C4
MTB > PRINT DATA ON COLUMN C1-C4
ROW CI C2 C3 C4
1 8 12 12 6
2 5 5 6 4
3 6 6 6 6
4 12 12 8 7
5 15 12 12 17
6 17 17 17 17
7 12
8 5
9 6
10 10
11 17
12 17
13 6
14 4
15 8
16 12
17 17
18 17
MTB > AOVONEWAY ON DATA IN COLUMN C1-C4
ANALYSIS OF VARIANCE
SOURCE DF SS
FACTOR 3 0.8
ERROR 32 786.1
TOTAL 3 5 786.9
MS
0.3
24.6
F
01
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
STDEV + + + + -
4.93 ( a )
4.46 ( a )
4.31 ( a )
5.27 ( a )
+ + + + -
7.2 9.6 12.0 14.4
AAA MINITAB AAA STATISTICS DEPT A PENN STATE UNIV. A RELEASE 82.1
STORAGE AVAILABLE 963144
LEVEL N MEAN
CI 6 10.50
C2 6 10.67
C3 6 10.17
C4 18 10.44
POOLED STDEV = 4.96
MTB > STOP
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PROGRAM: SGDB .
SET DATA FROM FILE 'SING.DAT' INTO COLUMN CI
SET DATA FROM FILE 'DOUB.DAT' INTO COLUMN C2
OUTFILE-'SDOUT'
PRINT DATA ON COLUMN C1-C2
AOVONEWAY ON DATA IN COLUMN C1-C2
STOP
MTB > PRINT DATA ON COLUMN C1-C2
ROW CI C2
1 7 34
2 6 17
3 8 17
4 12 17
5 12 24
6 8 34
7 6 17
8 8 17
9 12 24
10 17 34
11 8 12
12 6 6
13 8 8
14 12 12
15 17 12
16 6 17
17 5 12
18 6 8
19 6 12
20 12 12
21 12 17
22 8 17
23 4 34
24 6 24
25 10 17
26 17 17
27 17 17
28 12 24
29 6 24
30 5 24
31 6 15
32 12 17
33 17 24
34 6 34
35 4 24
36 6 15
37 7 15
continue ,
78
PROGRAM: SGDB . (continue)
38 17 17
39 17 24
40 12 34
41 5 34
42 6 15
43 10 12
44 17 15
45 17 21
46 6 29
47 4
48 8
49 12
50 17
51 17
MTB > AOVONEWAY ON DATA IN COLUMN C1-C2
ANALYSIS OF VARIANCE
SOURCE DF SS
FACTOR 1 2347.7
ERROR 95 3782.5
TOTAL 96 6130.2
LEVEL
CI
C2
N
51
46
MEAN
9.843
19.696
POOLED STDEV = 6.310
MTB > STOP
MS
2347.7
39. B
F
58.97
INDIVIDUAL 95 PCT CI*S FOR MEAN
BASED ON POOLED STDEV
STDEV + + - + -
4.505 ( a )
7.B43 ( a--
+ + + -
12.0 16.0 20.0
-- )
AAA MINITAB aaa STATISTICS DEPT A PENN STATE UNIV. A RELEASE 82 . 1 a
STORAGE AVAILABLE 963144
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